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BACKGROUND OF THE | NVENTI ON Hal ogen contai ni ng pol ymers, especially those
containing chlorine, are used wi dely and have great conmerci al
significance. Polyvinyl chloride (PVC), in particular, is used in
packagi ng, siding, pipe, and many extruded shapes. Such |arge scale and

di verse use of the hal ogen-containing polynmers depends up
i ncor porati i & good heat and |ight stabilizers. T‘mmi’umm’"m‘%r@ e,
is known toﬂ“MMMﬂwmummm ncy to degrade upon prol onged exposure

| i ght during pr &ﬁ?ﬁlng and use. Darkening or other color chané% and t he

| oss of tensile, exural, and inpact strengths are the results of such
degradati on. Unl ess good |OMFCOSt stabilizers are available for addition to
t he pol yner conposition, the service |life of articles nmade fromthe
conposition .is limted, and its use sc~verr~ely restricted, as will be the
conditions for making it. One particularly troublesone form of degradation
occurs when the polymer conposition is processed into articles by nethods
enpl oying heat to nelt or soften the polyner. A color change can occur
during the first few mnutes at high tenperatures ;e.qg., fromabout 175 to
about 200C) and it is comonly referred to as early color or early

di scol oration. The avoi dance of such early color is notably inmportant in

t he manufacture of plastic pipe and 15 March 2003 2 siding. It is, of
course, also inportant to prevent or reduce discoloration and deterioration
of the polymer during_extended _exposure to high tenperatures, which can
lead o sudden SYRINRAITONGGR| ANGBEFANGTIEA FAMBOGND AN A | KBNGbr asi ve
materi al and cHBEReAPT® ESTRRtASIHEAT STARTMAERTHNSBVE PROCESSANGHCL i nsi de
the fabricating equi pnment. The inner, highly polished surfaces of the

equi pnent can thus be rendered essentially useless. A particularly

troubl esone i nstance of such sudden degradation often occurs when zinc
conpoundsATKeReUNDOPEATHE IN®ENTIGRrs; the phenonmenon is known as "zinc
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from about 175 to about 200°C) and it is commonly referred to as
early color or early discoloration. The avoidance of such early
color is notably important in the manufacture of plastic pipe and



(A) an organot hio conpound sel ected fromthe group consi sti1savakh2003

nmer capt oal kanol , dithiodiglycol, and pol yformal s and pol yacetals of said
di t hi odi gl ycol; (B) at |east once zinc nercaptoester selected fromthe
group consisting of: (B~ ) a zinc nercaptoacid ester having the fornul a:
Zn- (S(CHZ) x-C(=0O) OR] Z, wherein R isza hydr ocar byl radical having from2 to
about 22 carbon atons and x-is 1 or®2; (B=) a zinc nmercaptoacid ester
having the formnula: Zn- ~S(CHR)u(CH~)t ((=00O R - - ; wherein: R is

met hyl orC(O)O?\’ R-is ( (CHZ-[C (R) (RL.) ) yCHzO zR-- | ; R is H,
al kyl, otidinrgoxykl KA, FB-coyrsepHalgpdiBROr§apst FPUPEGVQT‘Ry‘Pr ppduce
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FORVULA ?FI113°®R1 Bi- B ey Nog 515, 916 is 1ncorporate herein by
reference.

In U.S. Patent No. 3,417,039, Penneck teaches a stabilizing
composition for chlorine-containing polymers which comprises a
zinc salt of a carboxylic acid which may have sulfur
substituents, a polyhydric alcohol, and an organc sulfur-bearing
compound having the formula R-S;;-R, , which is exemplified by
bis-(n-dodecyloxyethyl) sulfide. The suitable salt-forming acids
include benzoic, salicylic, phthalic, and maleic acid. 2inc 2-
ethylhexyl maleate is a preferred salt. As shown hereinbelow,
Penneck’s stabilizing composition does not overcome the zinc burn
problen.

Now, we have discovered that organothio compounds are
superior co-stabilizers in combination with the zinc
bis(mercaptoacid esters) when present during high temperture
processing of halogen-containing polymers such as PVC.

SUMMARY OF THE INVENTION

It is an object of this invention to provide an improved
heat stabilizer for halogen-containing polymer compositions.

It is an object of this invention to provide a halogen-
containing polymer composition having improved heat stability.



HS~H (CH) ~-OCGCHZ --CO(CH) i -CHSH FORMULA IV R Rt Z1RMaRrth D031 R1
R--CG(CHz--OC(CH ~~H-SH 3 FORMULA V; and 15 March 2003 5 OO a a
HS-CH(CH ~ -~--0-CH(CHOC(CH ~-CH~H z R~ R~ R R~ FORMULA VI
wherein R and Rz are the sane or different and are: -OH, ~H, aryl, C~ to
Ce alkyl, -H o Oo0-CGR8, or --CORH; R-is -H aryl, or C to C 8

al kyl; R is cycloal kyl, cycloal kgnyl or phenyl; R4 is: ~H aryl, Cl to Ce
al kyl, -OH, -Vii, OOOC—R8, or -~-~Ra, with t he provi so that the - SH
groups.are on non-adjacent carbon atoms in FORMULA || when R is phenyl, R
is -OHand i=0; RSis -Hor a divalent group which may contain hal ogen,

hydr oxy, nﬁttcaﬁt @ oelatiegl objlesti ofettd sarigvemtdlere disbieddsuiiatie Ringhen R

IS phey¢n t@uéoﬁ@ﬁ aHapprbakerdnyi Ngt ld ScokpBsit1daGHBat Ole 1@vaddr O - C (

CH) R8 is -H, or alkyl, alkenyl, aryl, aralkyl, alkaryl,
cycl oézlel?Xﬂeraé:V(,rleS‘al kylenyl; ROi s 00000Oa~a~aa
--0-C--~' ~These and, oghgrcphdeptg-@h;cbrwilt-bpébmeoampqrent from the

following description are achieved by a composition comprising

a halogen-containing polymer and a stabilizer composition

consisting essentially of:

(A) an organothio compound selected from the group
consisting of a mercaptoalkanol, dithiodiglycol, and
polyformals and polyacetals of said dithiodiglycol;

(B) at least once zinc mercaptoester selected from the
group consisting of:

(B! ) a zinc mercaptoacid ester having the formula:

Zn-{S(CH,) ,~C(=0)OR],, wherein R is a hydrocarbyl radical

having from 2 to about 22 carbon atoms and x 'is 1 or 2;

(B? ) a zinc mercaptoacid ester having the formula:
zn- [ S(CHR) ,(CH.) - [C(=0)0]R'] - ; wherein:
R’ is methyl or C(=0)OR";
R“ is [(CH,~(C-(R) (R") 1,CH,0) R ] ;
R" is H, alkyl, or hydroxyalkyl;
R is OH, hydroxy-substituted alkyl, or o(0=)cC-R"
R is H, (0=)C-R'", or alkyl,
R is alkyl or alkenyl;

4

a=0o0r l; b=1o0r 2; vy =00o0r 1; and z = 1 to 4;
with the proviso that when z is greater than 1, y = 0;
and
(B’) a zinc mercaptoalkyl carboxylic acid ester having
the formula:
i Zn (SCH, (CH,), 0-C(=O)R> ],; wherein
R* is an alkyl or alkehyl group having from 1 to 18
carbon atoms or an aryl group having from 6 to 12
carbon atoms, and q is from 1L to 6;
(C) from 0 to about 40% of a basic alkali or alkaline
earth metal compound; and
(D) from 0 to about 40% by weight of a substituted
dihydropyridine.



15 March 2003 6 wherein R is arylene, C, to Cg al kyl ene, 1%Mardh@403 - (S)r
-(CHi ~~. RmRu Rt Rti or - ( CHZ --CH2 -O) b --CH2 --CH- wherein b is
an integer from1 to 6; i =0 or an integer from1l to 6 inclusive; j = 0-4;
and f = 1 or 2. Mercaptan-containing organi c conpounds preferred in this

I nvention are those conpounds according to FORMIULA | wherein ~R and RZ are
-H and Ris OHor -QQO=)CRg, and i=1. Exanples of the nercaptan-containing
or gani ¢ conpounds descri bed by FORMULA | include, but are not limted to,
the foll ow ng compounds: HSCZHSCH O O a V HSCHZ COCZHS HSCHZCH2COCgH, ~ O O
N HSCHZ COCaHi ~ HSCH2CHZCOC~~Hzj @ O ii a HSCHCOCgH, ~ HSCHZCHZOCG ~H35 CH3
O Ol N HSCH2 CHOCC8H17 HSCHzCHZOCC~~H33 CH3 15 March 2003 7 O

HSCHCOCI ZHzs

DETAILED DESCRIPT1ON OF THE INVENTION

The organothio compounds that are suitable for the purposes
of this invention are well-known compounds and include organic
sulfides such as dithiodiglycols and polyformals of
dithiodiglycols, and mercaptans such as alkyl mercaptans,
mercapto esters, mercapto alcohols, thioglycerols, mercapto
acids. See, for example, U.S. Patent Nos. 3, 297,629;
reference. Alkyl mercaptans having from 1 to about 20 carbon
atoms and from 1 to 4 mercapto groups are suitable. Among the
useful mercaptan-containing organic compounds are those having
structures illustrated by the following formulas:

HS—CH—(CH); — R FORMULA I
R! R*
HS-(CH) —R! FORMULA 1II
R3_Rj4
/
RS
HS—CH—(CH); —R® —(CH);—CH—SH FORMULA  III
Rl' R! R!' R

0 —OH O

HS—CH—(CH) ;—0—C—CH,—-C—C—0—(CH) ; —CH—SH FORMULA IV
Rl Rl ) Rl Rl
o R R!
R'—C—(CH,—0—C—(CH) ,—CH—SH), FORMULA V;

and



o HSCHz . COCl aH3~ HSCHZCHZCHZOH HSCH2CHOH C9H 19 O HSCHZCHZ CoMiadetol2@D3
HSCHzZCHZCHz OCCgHI ~ O HSCHz CHOCCH3 C9H 19 HSCHZCHOH CH3 O HSCHZCOH O a
HSCHCOH Cl OHzl Exanpl es of the mercaptan-containi ng organi c conmpounds

descri bed by FORMIULA Il include, but are not limted to, the follow ng
conmpounds: 15 March 2003 8 SH SH SH CHZ CHZ - OH Exanpl es of
mer capt an- cont ai ni ng organi ¢ conpounds represented by FORMJULA 111 incl ude,

but are not limted to the followi ng conmpounds: O O a HSCH2COCHZCHZOCCH2SH
O COCH2CHZSH OCHZCHZSH O O O HSCHZ(%—IZOC (CHz) 4COCHZCHzZSH O O p
HSCH2 CH2 0 CCH~HCOCHZCHZSH

HS—CH—(CH); —C~O—CH—(CH;~0—C—(CH) ~CH-SH), FORMULA VI

R! R! R R!

wherein R and R? are the same or different and are: —OH, -—SH,
aryl, C, to Cy4 alkyl, —H,

i \

0-C—R%, or —Cc—0-R* ;

R! is —H, aryl, or C, to C; alkyl;

R’ is cycloalkyl, cycloalkenyl or phenyl;
R* is: —SH, aryl, C, to C,; alkyl, —OH, —H,

o o

0-C—R?, or —C—O-R!,

with the proviso that the —SH groups are on non-adjacent carbon
atoms in FORMULA II when R® is phenyl, R' is —OH and i=0;

R’ is —H or a divalent group which may contain halogen, hydroxy,
mercapto or alkyl substituents and which combines with R* when R!
is phenyl to form a naphthalene ring;

R’ is —CH,, —CH,CH,;, or

0

~CH,—0—C—(CH); —CH—SH—
Rl Rl ;
R® is —H, or alkyl, alkenyl, aryl, aralkyl, alkaryl, cycloalkyl,

cycloalkylenyl;
R’ is

0] 0] 0 0 0 o)

—0—C-R'%C~-0—, —O-C—CH=CH—C—0—, or —C—OR!%0—C—;



O O, HSCHZCHZOCCHZCHZCOCHZCHZSH The ner capt an- cont ai ni ng or ggmisrcis 20p®unds
descri bed by FORMJLA |V are exenplified by, but are not limted to, the

f ol | owi ng: 15 March 2003 9 O OH O HSCHZCHzZOCCH~ - ~C- OCHZCH2SH z The

mer capt an- cont ai ni ng organi ¢ conpounds represented by FORMILA V are
exenplified by, but are not limted to, the follow ng: O CH3CHZC
(CH20CCHZSH) 3 The nercapt an-cont ai ni ng organi ¢ conpounds represented by
FORMULA VI are exenplified by, but are not limted to, the following: Oo
HSCH2CHz COCH ( CHZOCCHZCHZSH ) 2 O O HSCHZCOCH ( CHZOCCH2SH) z The organic
sul fides of this invention will con?ain the nucleus >Cl~-S-CH< in the

nol ecul e. This group can be attached to other structures form ng saturated
or unsaturated straighf: car branched open chain or carbocyclic or

* nonar O%#ﬁﬁ?ﬁ?%ﬁ%ﬁ%ﬂg%f Ed%% e I%q(aglreq‘%os attached to the nucl eus can

be subst er §roups st aryl, carbonyl, al koxy, aryl oxy,
amdo, nitrile, ester, oxyether, thioether, hydroxyl and hal ogen groups.
Such sub¥iH )s ‘a(r%rp‘ré%/"é)rla ¥—at a position at |east one carbon atom
removed ff,pm ;,t“e nucl eus. lﬁ’r ef er,ably, hydroxyl and hal ogen are at | east

t hree carbon ons renoved from the nucl eus. The preferred organic sulfides
for use in this invention can be characterized by the formul a: 15 March

2003 10z 723 Zt ~ ~ Za - -CH,S-CH in which Z" Z2, Z3 and Z4 can each be
hydr ogen. @u,ancey gani c—@,0lupHi—cont ai ning fromone to about thirty carbon
atons. Z, and Z4 can be taken together as a heterocyclic ring including the
sul fur. Z" ZZ, Z3 and Z4 can for exanple be saturated or unsaturated

hydr ocaimreiadikrdlss asudntegezl Kybm al ken§t, cycl oal kyl, arylal kyl and

al kyl aryf al kylor Qin rid@ieeRls £i-Bfl ¥dkH%6 OXYILRAE $&. groups and/ or additi onal
oxy- and, t hi o-carboxyli ¢ acid, oxy- and thio-carboxylic ester, hydroxyl,

am do, ™ tFi9&7 &F&?et her, thioether, and carbonyl groups and hal ogen atons
such as £h ariowe,2.brom ne and i odi ne. These organic sul fides should have a
boiling point of at |east about 175 C. to ensure nonvolatility, and
preferably have a maxi mum nmol ecul ar wei ght of about 800 per sulfur atomto
ensur e conputMfiFIREPANTCOR tRRS 1HE] BRI Cc PR dSe TR IFFERSSI 11 of8iSThe Z
ragi ca: Sirgi@tﬁidr&@g@ﬂ thﬁsbheomgbhﬁ?a—kccfwziw r::aaat F@F]MULROI[L wvRese Df tile Z
radi cal , t_.nQt. t hyou car Yy roupn .qrst hrough a carbon atom or an
aromat i car?clyn .gg?ef_gfa%??/%thse @Pr%%?'cog@)g%z ho?mt%:a%/"eﬁa hydr oxyl group or
hal ogen at omExarples bof athen algrrapdanbeoatadninghi @egdreic sgopouatism

P i Py ey e D g S e L R A
' u W ng. yl, yl, 1sopropyl, propyl, t-butyl, 1sobutyl,
n- but yl ,é?%h%‘fw Gﬁ“&t‘mﬂdﬁéxw . decyl, undecyl, dodecyl, oleyl.

tetra-decyl, vinyl, ethylene (as a bridge of Z2 and Z3), penta-nethyl ene
(as a br}i@%{ﬁ&; Z, and ZZ), propenyl, [/3-phenethyl, 8-heptadecenyl,

| i nol eyl hoxymet hyl , but oxyet hyl, et hoxyethyl, ethylthionmethyl,

3phenyl propyl , 4- napht hyl pent yl , car boxynet hyl , car bonet hoxyl ,

1ichl or oundec‘i/l , 4-Dbronobutyl, p-iodo-~3-phenet hyﬁ, 15 March 2003

HSCH, COC,H; HSCH,CH,COCH,,
o 0
HSCH, COC;H,, HSCH,CH,COC,Hy,
0
HSTHCOCSH” HSCH,CH,0CC,;Hsg
CH,
0 0
HSCH, CHOCCH,, HSCH,CH,0CC,;Hy;

CH,



11 -CH .~ -CH3 cycl opentyl, cyclohexyl, ~3-naphthal eneet hyh5 March 2003

3- hydr oxypropyl, 3carboxam dopropyl, cyanoethyl, cyanodecyl, 3-ketobutyl.
Representative organic sulfides applicable for use in this invention
include the following: CsH f~"CsHu CeHri"S"CsH T Cl12H2S~12H2s CHI - S- C18H3~
( 1so-C4AH9) ~(n-Cl2H~) O 2Hzs"s"yaH3~ Cto~'i z~H2" CH2- OC2Hs

ClaHQ' S"CH2" ' ~H~2H3 C~HI S-$-( CH2 ) ~ HOOC- CHI - CHI - S- CHg- ~CHg- COON

C4Hy- - OOC- - CH2- CHI - ~- CH~H~COOH C12H~0OC- CHI - CHAS- CHI - CH~H~- COONHT- C

(O -CHI -CHI -S--CHZ-CHr-C (=0 -NH2 Cl SH3~2Hs CHI - S- CH2CH~ Oo t - C4H9

C2H~- CH2CH~- O - O CaH9"~' (CH2) 3-7C (=0)- CH3 CyHICHCHF-S- CHI - Cl A- C4H9 C2Hs
C2Hs N=C {CH2) |b~{CHz) WEN NaOOC-(CH2) ~(CH2) sCOONa W oH2s 15 March
2003 12 C 1-~-CHZCH~-CH3 C-2H~-( CHZ ) ~-CH-H3 OH CBHLT,S~-( CHZ ) s-CH C 1
CH3 (CH2) 3CH=CH~H~-S--CsH ~ CzHs~ ~~ -CzHs CZHsOOCCH~-- ~ -CH2CH~--S- CZHs
S -CHZCOO - GHZCH--S-CZHs O C4'9 C4' 9 / CH ~- ~CH CsH9, CaH9 1SO-CgHt ~ CH
S-~n- CAH9 / [ so- CaHt ~ Di t hi odi gl ycol and the pol yf or|[ral s and pol yacetal s

t her eof Hwidug e fornul a: I—I-(OCHZCHZSSW@Q;IHV\herei n Ris 15
March 2003

©

o) o)
HSCH, COC,Hy, HSCH, CHOCCH,
CoH,o
HSCH,CH,CH,0H HSCH,CHOH
CH,
HSCH,CHOH o)
CoH, ' HSCH,COH
0 0
HSCH,CH,COH and HSCHCOH
Crolly -

Examples of the mercaptan-containing organic compounds
described by FORMULA II include, but are not limited to, the
following compounds:



13 hydrogen or nethyl and n = 3-12 are anong the preferrediongrei gocgul fi des
for t.he purposes of this invention. Formation of these polyners is
described in U S. Patent Nos. 4,184,890 and 4,097, 299, the teachi ngs of

whi ch are incorporated herein by reference. The zinc nercaptoesters of
Formul a Bl are exenplified by zinc bis(2-ethyl hexylthioglycolate), zinc

bi s(octyl mer capt opropi onate), zinc bis(octadecylthioglycolate), zinc

bi s(oct adecyl mer capt opr opi onate), and zinc "~ bis(ethylthioglycolate). They
are easily prepared by the reaction of the correspondi ng nmercaptoaci d ester
with zinc chloride in the presence o8 a suitable hydrogen chloride
scavenger such as ammoni a, ammoni um hydr oxi de, and an al kali netal

hydr oxi de or a carbonate thereof. Another nethod is the condensation of the
mer capt oaci d estergyM th zinc oxide inggn organic nediggm such as a high
boi | i ng napht ha, Nyl ene, paraffin waxfand the like. Any ratio of the zinc
conpound and the mercaptoester will sofifice so |long @ag the reaction
conditions are '. to drive the céndensation but it is preferred to use
a stoichionetric _rrapio of the reactan At nospheric Qressure is suitable
but the reaction |1 proceed satis

putOhb0 t o about 80C
under reduced pressure. The maxi nmu

a@my at fr

 tenperature is|abkout 140- 150C. The zinc
bi s-mercaptoacid ester may al so be sefected from anong t hose di sclosed in
U S. Patent No. 5,536,767, which is incorporated herein by reference. Such
esters include the zinc bis-thioglycolate, zinc bis-nmercaptopropionate, and
zi nc nercaptosucci nate of a polyhydric al cohol or ether, carboxylate, or

et her-carboxyl ate thereof having at | east one functional hydroxy group as

exenplified Bxaigndsene ofl ycakercgbyarrobntathingt hydymi@ yCceompounds

trimethy t ri 'y I ers such t.et r.aet hyl ene

gl ycol rr]!f) o!géu%a}f}:eéec} ﬁ)g}r1 an Lgsi elilﬁﬂyllerr@]ﬂe%;ﬁ%yc§u;'n3%3eﬁﬁ§l qu“ﬁgrefi gf’y)écg‘le

nmono- carfldewing aarRewsisdi et hyl ene gl ycol nonocaprate and et hyl ene gl ycol
nonocaprate, and gl ycerol carboxylates such as glycerol nonocaprate, all of
which are either available commagcially @r are nade easily by 15 March
2003 14 conventional methods. The nercagkoacid esters may be nmade by
conventi onal procedures whertsEaH,COeH08,Q@@EH,8Hci d and t he hydroxyl - group
beari ng conpound are heated in the presence of a suitable catalyst such as
met hanesul fonic acid or ptoluenesul fonic acid and an azeotropic organic

sol vent such as toluene or heptane. Alternatively, the esterification may
be conducted at reduced pressure The reaction ig continued until the acid
nunber is reduced to about 12-15. The acids frof which the esters are
derived are also generally avail abl e comprChal LycRity 8y be nmade if so
desired by procedures of long-standing in t@y henlﬁéf arts. Mercaptoacetic
acid, for exanple, may be made by the reagtion) ebcagsi,gm hydro-sulfide with
sodi um chl oroacet at e and subsequent aci difiredti ¢n. ~i -mercaptopropionic
acid is obtained in about 80%yield fromthe reaction of sodium

hydrosul fide with /3propiolactone in acetonitrile and subsequent
acidification. Mercaptosuccinic acid may be made by addi ng hydrogen sul fide
across the doubl e bond of mal efic arthydri foll owed by hydrolysis. Al so
suitable for the purposes of this imventidn are the al kyl esters of

a- mer capt o- propi oni ¢ aci d, VT ShCHRF GB1:prE5ERe%SH om a- chl or opr opi oni ¢
acid and sodi umthiosul fate according to(§he procedure described in U S
Patent No. 2,413,361, which is incorporatged hergin by reference. The zinc
mer capt oal kyl carboxylic acid est } fromthe well
known "reverse esters", so callegﬁﬁggg&éﬁ t hey afgﬁﬁﬁ%sgroducts of the
reaction of mercapto al cohols and carboxyic ag ds instead of

mer capt ocar boxylic acids and al cohols. The predaration of the esters and
their use as stabilizers for vinylischcaiocEH,pajgow,SHABHe taught in U S
Patent No. 2,870,182, which is incorporated herein by reference. It is

preferable thaf.q {\{fsrc;alpg:%nz-‘co%r{% iyl%g ﬁié%%;?icpr %Bﬁfaaghg)s{a@e%lé%ﬁlbew Obp

having from7 to C n atons or group. are easily

prepar edFERMURR (IdacaFen eoempdd fdedr daponBRhg aker Pt odimitedstt& W zinc
chl ori derbmibhgngtesence of a suitable hydrogen chloride scavenger such as
anmoni a, anmoni um hydroxi de, and an al kali netal hydroxi de or a carbonate

t her eof . 15 March 2003 15 Another nethod is the condensation of the

mer capt oal kyl ester with zinc oxide in an organic nmedi um such as a high
boi I i ng naphtha, xylene, paraffin wax and the |like. Any ratio of the zinc
conpound and the nercaptoal kyl ester will suffice so long as the reaction
conditions are such as to drive the condensation but it is preferred to use
a stoichionetric ratio of the reactants. Atnospheric pressure is suitable

T M . - . o Y 1 . Y T 1. . e~ 1 . NN N




17 di hydropyridi ne provi des both exceptional early- and | ong Mf&RROId or
hol'd. Thus, stabilizer conpositions of this invention contain fromO to
about 40 % of the substituted dihydropyridine of U S 4,515,916. Wen used,
a preferable anount of said dihydropyridine is from5 to about 30 % of the
total weight of the stabilizer conposition. Lubricants are optionally
present in the stabilizer conposition of this invention because of their

i nportant effect of reducing the tenperature of the pol yner conpositions
during mastication and extrusion.. Wen enployed, the stabilizer

conposi tion contains up to about 75 % preferably about 60% by weight or
nore, of a lubricant such as paraffin wax, calciumstearate, ethylene

bi s-stearam de, stearyl stearate, cetyl palmtate, and other ester waxes
may be used. From O to about 15 % of a partially oxidized pol yet hyl ene such
as Allied Chem cal's AC629A product nmay be us as an additional |ubricant
in the stabilizer conpositions df this inygnti lig Wi ll be readily
apparent to one of ordinary skill in the gt, hqt tjhe preci se amount of
stabilizer conposition used wil || deyenoHjoROR,S —beateu,su | ncl udi ng,
but not limted to, the particul ar hal ogen-contai ni ng organi c pol yner

enpl oyed, the tenperature to which the polyner will be subjected, and the
possi bl e presence of other stabili zing conmpounds. In_general, the nore
severe the cdh§i T TEPEANFAPRLALALNEaPEGRALE 0RPAPAYAYS oF GRRPECPBEYNRY i s
subj ect ddRMIMA t Ve arengexempki f bedn bgquibwed &pe nesd stingtdegradat tra, the
greater gpilhloAeqt:ne amount of stabilizer conposition required. In general
the effective armount of a preferred stabilizer, i.e., one containing a

| ubri cant and a substituted di hydropyri dine, naéebe as little as about 2.0

parts by weight, or |ess, per hundred parts by i ght of the pol yner (phr)
of the hal ogen-containing polynmer. W <§§ ri.qant and substituted

di hydr opyri di ne, the anmount may be ab%ﬁgﬂ%qé RFHB#hﬁéss. While there is no
critical upper limt on the anount of stabilizer conposition, amunts in

excess of 3. gHNmdcatanlcehtaifdng! dRghhig! cbfpBUha8! repPBLLhEER %hout
| ubri cant__Qr substltuted(ﬁégggéig%:dlnek based on the weil ght 15 rch

2003 18 FSRMYER n¥f 0gER- R oPY nePUtd PRt "9Felld ™ suitiee

i ncreasefdliloefifmect i veness. More preferably, the stabilizer conpositions
cont ai ning both l[ubricant and substituted di hydropyridine are enployed in
amount s ranging fromabout 2.0 to about@3.0 phr%y wei ght of the

hal ogen- cont ai ni ng pol ynmer. The referrdd amound of stabilizer without

| ubricant and substituted di hydrgﬁ’;ﬁi%ﬁecﬁécﬁzo&ﬁﬂa%ﬁ)@. 6 to about 1.0
phr. The organot hi o conpounds and th%)zinc meycapt oesters are preferably
enpl oyed in the pol yner conpositions pf this Envention in the | east anount
that is sufficient to inpart the i } to heat deterioration
to the hal ogen-contai ni ng organig%ggkfﬁg$§s%? %ﬁﬁ%ﬁégen-containing organi ¢
pol ymer conpositions of this invention conprise fromO0,1 to aboyt 1.2 phr,
preferably frigH aPEIRNEC 2SHYLABBEL oF. AT | LRYentkony hhbt FPHtadRApSRed and
from abaiicXeuds ploHte-aBouin khe pivledulrs.er ahlis igrouphan Hd ddtacteaut 0.8

phr, of i nc S by wej of . the I siti.an.
Prefer ab'#(;;?n{rﬁer} Sgﬁ 5}%@§}§§n%§éﬂ¥%n%a‘%g?p‘ﬁdsg Lt ‘rlggnaggg%}:gg. TS 4o f 0. 8
phr of umrthed|dpdn chain kef | erRrleeydl k® o urehareind i efmroqy.cl o

about 0.4, Phiady. Wahghhrelipkhst 6488t el ahddnrdeaBYEaA BE - sdBsBdditdon to
mer and the stabiljzer conpositjon, the polyner

t he hal ogen- cqnt ai ni n ol

composi tYHH GPhaT GEPHRETITN AmpT¥dnt ATFUBoRtiGHTl SHEIPFY SR Ao
fillers,nptghkbet esterasokgetiees, thiemthemt,i bxddexyk arehbdalibyeavgrdugis | i ght
stabili Is c S i | ays i UM carpbo tal cs
may be ﬁ%’é%h agﬁ%’lgﬁglrléné u%%blép%%rren)é ?%c?u&gé%#;enrfuéned{i%x%g&e%ar bon
bl ack, FREPIDAENR denguadhdfiramedhesaygdgiss, BupparaRly phyedrexes anthd

fatty eaﬁﬂé?@ﬂ\dﬁw alkel veet titr e EatPdnCatbRs e dIfe o Phesit Bduye of
wel | known p sticia;rs sui tabl e for q; cgﬂpositifn qf Ehbs '@vgnéégn.

Sui t abl e ant i oxXT dAftSHATE ﬁﬁgaWFc‘eF‘é%é‘} PhaSHhi'te; 2, o d Y bOtyPY 45Tt hy!
phenol ; Pecchiaracherided-hiecsheoxomhelesl ; and 2-t- butyl - 4- oct adecyl oxy
phenol . The pol yner conposition of this invention may be prepared by

nmet hods well known in the art and by the use of conventional equipnent. The
stabilizer conposition nay be added to the 15 March 2003 19

hal ogen-cont ai ni ng polyner wth continuous blending in a high intensity

m xer such as a Henschel blender. The inportant consideration is that the
stabilizer conposition and the hal ogencontai ni ng pol ynmer be thoroughly

bl ended. The stabilized hal ogen-containi ng pol ymer conpositions of this
invention may be used to formarticles of manufacture such as pipe. A

. o N M .



Use Level, phr1Dithiodiglycol 0. 3022- mer capt oet hanol 0. 303D tbiMittgRoe!
ponfornaIO 30Cbnp Ex.

11, 6-di net hyl - 2, 5- di car boxyet hyl - 1, 4- di hydropyridine0.30 Ta 1 Il PVC Col or
Hol d ( DE) During Processing by Two-Rol|l M|

390Fm n/ ex123456789101 | 1' ' 15. 26. 98. 910. 411. 11 2. 413. 214. 315. 61 6. 717. 819
824.04.75.76.77.78.610.01 2. 114. 818. 320 636

834. 85.55.97.011. 516. 519. 521. 823. 223. 724 335 0CE
L2.82.73.03.64.77.724.256.8---- Table 11l PVC Dynam c Thernmal Stability by
Brabender 190C Exanple M nutesL12. 83l 1. 239. OCE 18. 6 15 March 2003 21
EXAMPLE 4 AND COVPARATI VE EXAMPLE 2 A PVC pi pe conposition containing:

| NGREDI ENT AMOUNT PVC resin (k =65 )100. OpartsCal ci um

car bonat e5. 00phr Ti t ani um di oxi del. 0" Cal ci um st ear at e0. 60" Paraffin
wax1l. 2" Oxi di zed pol yet iyl ene0. 15 was nodi-{ ed as shown in Table IV and the
resulting conpositionsjjwere processed on standard horizontal two-roll

mll (roll speeds 30F/ 40R) at 390F (199C) iwith chi ps taken at one minute
intervals . The color firopertfes of he chi ps were neasured using a Hunter
Labs Col ori neter FL, ajl b) ané%ng tengss i%dex (W) was selected as the
measur ement for conparison in-Ta ~ Theg| DTS, neasured as described above
but at 190C and at 60 RPM is shown in Tadle VI. The conposition in
Conparative Exanple 2 iils simlar to that Exanple 13 in U S. Patent No.
3,417,039 (Penneck). Table IV Exanple Co-stabilizers phr4Zinc

bi 2-eth | | 0. 40Di t hi | | yf

)0, S0CAIE MRERY o b Sbrte poih Ea5rs EEoh Rt ST i ‘ar bFBani® Group

mal eat e)dorgEgirdngn faenyboe yeo mnc)utsammy ¢€brpon 200m&C. 2, and 2, can

) 0. 502, %edlﬁméehvl oé,&h@rroa@n%dmglt%r%e,zhcbk%néf PNE168hRYy ERLAs(PRhDuri ng

Processing

St andar&mnlzéxl 38438881 0PI 3594 . £XPMPI6. 21 TINRELD ) g¥8Saburabed 125 32
5 8C E Mydihdarhaivd racdiaals 15ubhchag0031221TabkakvhyBYC Bysashekyher mal

o oo e P AL ATl LD BN Yy LhlEss
groups and/or additional oxy- and thio-carboxylic acid, oxy- and
thio-carboxylic ester, hydroxyl, amido, nitrile, oxyether,
thioether, and carbonyl groups and halogen atoms such as
chlorine, bromine and iodine.

These organic sulfides should have a boiling point of at
least about 175° C. to ensure nonvolatility, and preferably have
a maximum molecular weight of about 800 per sulfur atom to ensure
compatability with the polyvinly chloride resin compositions.
The Z radicals are attached to the >CH-S—CH< nucleus at any.
portions of the Z radical, but not through a carbonyl group or
through a carbon atom or an aromatic ring. Preferably, the 2
radicals do not have a hydroxyl group or halogen atom on a carbon
atom alpha or beta to a thiocether sulfur atom including the
sulfur atom of the >CH-S—CH< nucleus.

Representative 2Z groups include the following: methyl,
ethyl, isopropyl, propyl, t-butyl, isobutyl, n-butyl, isoctyl,
2-ethylhexyl, decyl, undecyl, dodecyl, oleyl, tetra-decyl, vinyl,
ethylene (as a bridge of 2, and Z,), penta-methylene (as a bridge
of Z, and Z,), propenyl, B-phenethyl, 8-heptadecenyl, linoleyl,
ethoxymethyl, butoxyethyl, ethoxyethyl, ethylthiomethyl, 3-
phenylpropyl, 4-naphthylpentyl, carboxymethyl, carbomethoxyl, 11~
chloroundecyl, 4-bromobutyl, p-iodo-f-phenethyl,



EXAMPLE 5 AND COVPARATI VE EXAMPLES 3 & 4 A PVC pi pe conposii$ Manctc2003i ni ng:
| NGREDI ENT AMOUNT PVC resin (k =65 )100.0 partsCal ci um carbonat e5. 00

phr Ti t ani um di oxi del. 0 "Cal ci um stearate0. 60 "Paraffin waxl.2 "Oxidi zed
pol yet hyl ene0.20 " was nodified as shown in Table VII and the resulting
conpositions were processed on a standard horizontal two-roll mlIl (roll
speeds 30F/ 40R) at 390F (199C) with chips taken at one mnute intervals.
The col or properties of the chips were neasured using a Hunter Labs
Colorinmeter (L, a, b) and the total energy (OE) was selected as the

measur enent for conparison in Table VIII. 15 March 2003 23 T | vlIl
Exanpl e Co-stabilizers phr5Zinc

bi s- (2- et hyl hexyl t hi ogl ycol at e) 0. 40D t hi odi gl ycol 0. 30Cal ci um

hydr oxi de0. 30CE 3Zi nc Bis-( heayl

naleate)0.502,2-dinetﬁﬁh- A pavedi ol 0. 25D t hi odi gl ycol 0. 30CE 4Zi nc

Bi s- (2-et hyl hexyl mal eat'€) 0\ 5 thyo ycol 0. 30 Table VIII PVC Col or Hol d

MII ~390F Wiite Tile
St andargyg 45 . 1917 1.3.023. 9CE
Tl M ROl o Sk N S NI CIET DR TR

45.47.°89.610. 4!2char Table C Dynani ¢
Ther malS3ERANAMIAPPEEPY 4 H EXFBPE YA CERAAPPERFNL - THHRRIECR ™kex. Tor que
g. n61375242 RelprakedaB8A0€E ot §625¢88081 f idés Mpmhi 20413 FbrTheesiiln) ebtisnmatt er

cl ai med; fyintlhion iHiARdE @ ¢RAR8RIhLON consisting essentially of: (A) an
organot hi o conpound sel ected fromthé group consisting of a

mer capt oal kanol , dithiodiglycol, and pol yformals and pol yacetals of said

di t hi odi gl ycol ; i (B) cgl,/-®acd, once zi nc nercaptoester selected fromthe
group consisting of: (B i nc mercaptoacid ester having the formul a:
Zn-[ S(CHzZj X- (=O) ORj 2, *WHerern"R i s a hydrocarbyl radical having from2 to
about 22 carbon at ons Gutds~5—iCeHis or 2; (Bz ) ~ zinc nercaptoacid ester '
havi ng the formul a: CH—S—CygHy;

(150-C.Hy)—S—(n—Cy3Hys)

CypHp—S5—CyHyy

CioH,—S5—CH;—CH,~0C,H;

C14Hp e S—CH~CH—S—C,H,

C;H;s—5—(CH,) —
HOOG—CH,~CH,—~S—CH,~CH,~COOH
C,Hy—O0OC—CH;—CH;—~S—CH;—CH,~COOH
C,H,¢~00C—CH~CH,—S—CH~CH;~CH—COO—
NH,—C (=0)—CH;~CH,~S—CH,~CH,~C (=0)—NH,
CsH35—S5—C,H;

CH—S—CH,CHs— (o) —t';—C4H9
C,H—S—CH,CH— () — (o)

C{Hy—S—(CH,) —C (=0)—CH,
CHyCHCH~S—CH,—CH—C,H,

C,Hs C,H;

N=C—(CH,) ,,S5—(CH,) ,—C=N
NaOOC—(CH,) s—S—(CH,) sCOONa

O —5—CoHys



Zh-t S(CHR) 3(CH) ~- (C(=G 0)R ~ , ; wherein: R is me hyl or 1§MEKR03 R~ is
| (CHz-[CG(Rj (R~ jyCH20) ZR~" R is H, alkyl, or hydroxyalkyl; RZ is
OH, hydroxy-substituted alkyl, or o (Os] GR'~; R is H (O5) GR ", or
al kyl, R~ is alkyl or alkenyl; a=0o0or 1; b=1or 2, y =0o0r 1; and z -
1to4;, with the proviso that when z is greater than 1, y = QG and (B') a
zi nc nercaptoal kyl carboxylic acid ester having the fornula: Zn [ SCHZ
(CHzj9 OC(=Q RS ]Z;, wherein R5" is an al kyl or al kenyl group having from
1 to 18 carbon atons or an aryl group having from6 to 12 carbon atons, and
gis fromlto 6; (C fromO to abgyt 400 of a basic al kali or alkaline
earth netal conpound; and (D fromO to about 4~~ by weight of a
substituted di hydropyridin 2. The conposition of claim1 wherein the
organot hi o conpound i sg..@pégz@ﬂreeﬂjhe conposition of claim1 wherein

t he organot hio conpound is hi odi gl ycol . 4. The conposition of claim1
wherei n the organot hio conpound is a dithiodiglycol polyformaL. 15 March
2003 25 5 The conposition of claimi wherein the zinc nercaptoes~:~, is the
zinc nercaptoacid ester of B. ‘@corrposi tion of claim1 wherein the
zinc nercaptoester is the zinc~ereaptoacid ester of B'. 7. The conposition
of claim1 wherein the zinc nercaptoester is the zinc nmercaptoal kyl ester
of 8 . -8. The conposition of claim5 wherein x is 1 and R has 8 carbon
atons. 9. The conposi t Coil,o5—¢CH))R-CGHwlidrein z =2 and R is alkyl.. 10. The
conposition of claim6 whereinz =1, y =1, and R is ._pH T. 11
The conposition of claim6 wherein z -0, R is (O=~C--R, and R is alkyl.
12. The conposition of claim6 wherein z =1, vy =1, R is alkyl, and R is
hydr oxyal kyl . 13. The ©ogipesi-{cCHh~afH,claim 7 wherein q is 1 and R~ is an
al kyl group having from1 to 7 carbon atons. 14. The conposition of claim1l
wherein a substituted - dihydropyridi ne constitutes from about 5% to about
200 of . the total wei gl§#s(CH,;);CH=CH—CH—S—CH,,

O CZHS_-— (j _CZHS
S S

czﬂsooccuf—‘\ ] —CH,CH,~S—C,H;
s
[ ]—cnzcoo—cmcni—s—czﬂs

(0]

C,H, C,H,
\ /
CH—S—CH

/ \

iSO’CaH”
CH-S—n~C,H,
/

iSO‘CSH”

Dithiodiglycol and the polyformals and polyacetals thereof
having the formula: H-(OCH2CH2SSCH2CH20CR,),~OH wherein R is



15. The conposition of claim1 wherein a basic alkali or ahkaarere2@m th
nmet al conpound constitutes from about | oo to about 15 % of the total

wei ght. 16. A palymer conposition stabilized against the deteriorative
effects of heat conprising a hal ogen-containing polyner and a stabilizer
conposition consisting essentially of: (A) an organothi o conpound sel ected
fromthe group consisting of a nmercaptoal kanol, dithiodiglycol, and

pol yformal s and pol yacetal s of said dithiodiglycol; (B) at |east one zinc
mer capt oester selected fromthe group consisting of: (B~) a zinc

mer capt oaci d ester having the fornula: Zn-(S(CHz) X-C(=O) OR] ~, wherein Ris
a hydrocar byl radical having from®3to about 22 carbon atoms and x is L or
2; (B) a zinc nercaptoacid ester having the fornula 15 March 2003 26

Zn- ~S(,CH R ~_2; erei R R is
i SR LD i) S o LB g 2 T L T 1
OH, hyd$lé)l(§ll%€tﬁbsﬁqrt GMdPHFR?‘P‘eSOCPf CXTO:% dnRentRoni. s F—Prf(l{hg/@l RE- theseal kyl ,

R RpEVImEF s aH@aneso%'ﬁ)eQ Ofinl; uRsT lp&fert Wos0 Of, 1184,3%b Z angl tO 4

th t t th
I o PR AR R T
O C(=O retexyencarherein RS is an al kyl or aI kenyl group having from 1to 18

car bon atOfTBn?é amnér ﬁbraagéseae&@gowmﬁum B ﬁ%b%&e%q%man%ﬂ s
froml tg 6 t 0. about 40 S|cakaI| or kaline éarth

met al c%t’rﬁb‘ﬁmd %h& én%)fef?BMbhFd‘&gcﬁR il?(ﬁ) BF Aiyhe dof a- sub& } P& ed
d|hydropys(obtmﬂméﬁbaﬂ&upqnpgqnateoonpmsctbnm(odtaﬂenyﬂﬁﬁhm@my&nkaﬁdyg anmount

of stabjljzer COWOEFEi(gﬁt'a%eféﬁ %t&é {,Qogggor%pz 0 %)an th al

weight. 18, An artjc abr | cate a po yme osition stab|]1 | zed
agai nstPimetRYLFRIPEIYGRIAY)ect s BheReall @ ofRSidiyng PERAF8EenRYntdiahi ng

pol yr‘rerraﬂdtﬁoﬁt aiﬂ | ther wmdnmgomsreapﬂcaesaemswﬂ ywoth (D)nan
organot $5lecC t o] |

mer capt oa?ﬂ th?‘odl E?géé g]anggp%{ g‘rl(r[%%?i h{)g %acet arflo ]fde aid

di t hi od$§¢\]€bger( B)lcat ase AANYHER 7 Wm‘émpbb@métd%el a@odedrf robfakie group
consi st haga0f hy§Bokide ZbACa NBASBHHLEE | dh@:.sé@f hayhéoehdemdtidll 86 the

Zbot - Z0BAPBERE A BNET st A prsp Y S WL ok TR EE esdeida el © 1
havi ng ehgandemeédium such as a high b0111ng naphtha, xylene, paraffin
wax and the like. Any ratio of the zinc compound and the
mercaptoester will suffice so long as the reaction conditions are
such as to drive the condensation but it is preferred to use a
stoichiometric ratio of the reactants. Atmospheric pressure is
suitable but the reaction will proceed satisfactorily at from
about 50 to about 80°C under reduced pressure. The maximum
temperature is about 140-150°C.

The zinc bis-mercaptoacid ester may also be selected from
among those disclosed in U.S. Patent No. 5,536,767, which is
incorporated herein by reference. Such esters include the zinc
bis~thioglycolate, zinc Dbis-mercaptopropionate, and zinc
mercaptosuccinate of a polyhydric alcohol or ether, carboxylate,
or ether-carboxylate thereof having at least one functional
hydroxy group as exemplified by ethylene glycol, glycerol,
tetraethylene glycol, trimethylolethane, pentaerythritol, glycol
ethers such as tetraethylene glycol monobutyl ether, and
diethylene glycol monoethyl ether, glycol mono-carboxylates such
as diethylene glycol monocaprate and ethylene glycol monocaprate,
and glycerol carboxylates such as glycerol monocaprate, all of
which are either available commercially or are made easily by



methyl or (=QOR ~; ' Ris ( (CH2-(CG(R) (R ) jyCH O zR~~—;R~|sH
al kyl, or hydroxyal kyl; R is OH hydroxy-substituted alkyl, or O O=)CR
R~is H (O5)CGR~, or alkyl, R~ is alkxl or alkenyl; a =0 or- 1; b =

or 2, y =0o0r 1; and z =1 to 4; with the proviso that when z is greater
than 1, y = G and (Bi) a zinc-nercaptoal kyl carboxylic acid ester having

t he fornmula: Zn [SCH~ (CH~)qg OC(=OR ~ j~ ;wherein R~ is an al kyl or

al kenyl group having from1 to 18 carbon atons or an aryl group having from
6 to 12 carbon atons, and q is fromd to 6; (C fromO te- about 40% of a
basic al kali or alkaline earth netal conmpound; and (O fromO to about 40a
by wei ght of a substituted di hydropyridine. .AsY.ASA AF; 3. A(3

A3 AY, . dsh Ve it eI Al Afe Sdpted AR AlerAY B b Fndle PP ANF
@6AF As FPINBHHRANGA) PERCGIROPEa] YRPESIRa] ERf caPerfRBYRATEA] cand caflau] ca ¢
aU] ca] calfaadvadqaud tearihg” aokpednd) rdaifarlit<aheapbeakehab] 6atal( ) 3

suitable catalyst such as wmethanesulfonic acid or p-
toluenesulfonic acid and an azeotropic organic solvent such as
toluene or heptane. Alternatively, the esterification may be
conducted at reduced pressure The reaction is continued until
the acid number is reduced to about 12-15,.

15 March 2003 27 Zn- ~S(CHR) 3(CH)b-(C(=O O- R ~,' ; whasajarch Boo3 s

The acids from which the esters are derived are also
generally available commercially but may be made if so desired
by procedures of long-standing in the chemical arts.
Mercaptoacetic acid, for example, may he made by the reaction of
sodium hydro-sulfide with sodium chloroacetate and subsequent
acidification. B-mercaptopropionic acid is obtained in about
80% yield from the reaction of sodium hydrosulfide with -
propiolactone in acetonitrile and subsequent acidification.
Mercaptosuccinic acid may be made by adding hydrogen sulfide
across the double bond of maleic anhydride followed by
hydrolysis. Also suitable for the purposes of this invention are
the alkyl esters of a-mercapto-propionic acid, which may be
prepared from a-chloropropionic acid and sodium thiosulfate
according to the procedure described in U.S. Patent No.
2,413,361, which is incorporated herein by reference.

The zinc mercaptoalkyl carboxylic acid esters of (B)) are
derived from the well known "reverse esters", so called because
they are the products of the reaction of mercapto alcohols and
carboxylic acids instead of mercaptocarboxylic acids and
alcohols. The preparation of the esters and their use as
stabilizers for vinyl chloride polymers are taught in U.S. Patent
No. 2,870,182, which is incorporated herein by reference. It is
preferable that g is 1 or 2, and that R* is preferably an alkyl
group having from 7 to 17 carbon atoms or a phenyl group. They
are easily prepared by the reaction of the corresponding
mercaptoalkyl ester with zinc chloride in the presence of a
suitable hydrogen chloride scavenger such as ammonia, ammonium
hydroxide, and an alkali metal hydroxide or a carbonate thereof.
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monomer such as 'vinylidene chloride, vinyl acetate, vinyl
butyrate, vinyl benzoate, diethyl fumarate, diethyl maleate,
other alkyl fumarates and maleates, vinyl propionate methyl
acrylate, 2-ethylhexyl acrylate, butyl acryalate, ethyl acrylate,
and other alkyl acrylates, methyl methacrylate, ethyl
methacrylate, butyl methacrylate, hydroxyethyl methacrylate and
other alky methacrylates, methyl alpha chloracrylate, styrene,
vinyl ethers such as vinyl ethyl ether, vinyl chloroethyl ether,
vinyl phenyl ether, vinyl ketones such as vinyl methyl ketone,
vinyl phenyl ketone, 1 fluoro-l-chlorothelene, acrylonitrile,
chloroacrylonitrile, allylidene diacetate, chloroallylidene
diacetate, ethylene and propylene, and (3) polymer blends such

as blends of polyvinyl chloride and polyethylene, polyvinyl
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chloride-vinylidene chloride (95:5), vinyl chloride-
trichloroethylene (95:5) and vinyl chloride~2-ethylhexyl acrylate
1 (80:20). The polymer blends usable in the practice of this
invention comprise physical blends of at least two distinct
polymeric species and contain from 25 to 95 weight percent of
vinyl halide homopolymer.
The term basic alkali or alkaline earth metal compound, as
used herein, means compounds selected from the group consisting
of oxides, hydroxides, sulfides, silicates, phosphates, borates,
and carbonates of alkali metals and alkaline earth metals.
Preferably, the alkali metals are lithium, sodium, and potassium,
and the alkaline earth metals are magnesium, calcium, strontium,
and barium. Examples of basic alkali or alkaline earth metal
compounds include but are not limited to calcium hydroxide,
magnesium hydroxide, lithium hydroxide, sodium borate, and sodium
silicate.
The amount of each component in the stabilizer compositions
of this invention may vary over a wide range but they will
generally comprise, by weight, from about 5 to about 85 %,
preferably from about 20 to about 50 %, by weight of the zinc
mercaptoester, and from about 20 % to about 60%, preferably from
about 20 to about 40 %, by weight of the organothio compound. The
stabilizer may also contain from 0 to about 40 %, preferably
about 5 to about 30 % of a basic alkali or alkaline earth
compound. Although it has been discovered that the stabilizer
composition of this invention is superior to one in which the
organothio compound is replaced by a substituted dihydropyridine,
a stabilizer composition of this invention which comprises a
combination of the organothio compound and the substituted
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dihydropyridine provides both exceptional early- and long term
color hold. Thus, stabilizer compositions of this invention
contain from 0 to about 40 % of the substituted dihydropyridine
of U.S. 4,515,916. When used, a preferable amount of said

dihydropyridine is from 5 to about 30 % of the total weight of
the stabilizer composition.

Lubricants are optionally present in the stabilizer
composition of this invention because of their important effect
of reducing the temperature of the polymer compositions during
mastication and extrusion.. When employed, the stabilizer
composition contains up to about 75 %, preferably about 60% by
weight or more, of a lubricant such as paraffin wax, calcium
stearate, ethylene bis-stearamide, stearyl stearate, cetyl
palmitate, and other ester waxes may be used. From 0 to about
15 % of a partially oxidized polyethylene such as Allied
Chemical’s AC629A product may be used as an additional lubricant
in the stabilizer compositions of this invenfion.

It will be readily apparent to one of ordinary skill in the
art, that the precise amount of stabilizer composition used will
depend upon several factors, including, but not limited to, the
particular halogen-containing organic polymer employed, the
temperature to which the polymer will be subjected, and the
possible presence of other stabilizing compounds. In general,
the more severe the conditions to which the halogen~containing
organic polymer is subjected, and the longer the term required
for resisting degradation, the greater will be the amount of
stabilizer composition required. In general, the effective
amount of a preferred stabilizer, i.e., one containing a
lubricant and a substituted dihydropyridine, may be as little as
about 2.0 parts by weight, or less, per hundred parts by weight
of the polymer (phr) of the halogen-containing polymer. Without
the lubricant and substituted dihydropyridine, the amount may be
about 0.6 phr or less. While there is no critical upper linit
on the amount of stabilizer composition, amounts in excess of 3.5
phr of the preferred stabilizer (2 phr of stabilizer without
lubricant or substituted dihydropyridine), based on the weight
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to about 3.0 phr by weight of the halogen-containing polymer.
The preferred amount of stabilizer without 1lubricant and
substituted dihydropyridine is from about 0.6 to about 1.0 phr.
The organothio compounds and the zinc mercaptoesters are
preferably employed in the polymer compositions of this invention
in the least amount that is sufficient to impart the desired
resistance to heat deterioration to the halogen-containing
organic polymers. The halogen-containing organic polymer
compositions of this invention comprise from 0.1 to about 1.2
phr, preferably from about 0.2 to about 0.4 phr, of the
organothio compound and from about 0.2 phr to about 1.7 phr,
preferably from about 0.4 to about 0.8 phr, of the zinc
mercaptoester by weight of the polymer composition. Preferably,
the polymer compositions comprise from about 0.1 to about 0.8 phr
of a basic alkali or alkaline earth compound and from about 0.1
to about 0.8 phr by weight of the substituted dihydropyridine.
In addition to the halogen-containing polymer and the
stabilizer composition, the polymer composition of this invention
may contain conventional additives such as fillers, pigments,
plasticizers, dyes, antioxidants, and |ultravioclet 1light
stabilizers. Materials such as calcined clays, calcium
carbonate, and talcs may be used as fillers. Suitable pigments
include titanium dioxide, carbon black, and iron oxide.
Phthalates, sebacates, adipates, phosphates, and fatty esters
having between 16 and 150 carbon atoms are representative of well
known plasticizers suitable for the compositions of this
invention. Suitable antioxidants include tricresyl phosphite;
2,6=-di-t-butyl-4-methyl phenol; 2,6-di-t-butyl-4-decyloxy phenol;
and 2-t-butyl-4-octadecyloxy phenol.
The polymer composition of this invention may be prepared
by methods well known in the art and by the use of conventional
equipment. The stabilizer composition may be added to the



101" L S&109&! ()-> 0! LS&L0%& ()- 0!'s’ LS&L0%& ()- 0! LS&10%8885 MarcHIzaasf ghJh”<
MLX ! . f

1098 ()-!  y& 1096WEW () - ! y&" 109%&' ()-y&" 109%& ()-9s10%& ()-1"310%& ()-JhUh\
h] hnhzh{ hheMD19Y109%& ()-"i Y! 9Y109%& ()- " 9Y10%& ()- i Y! 9Y10%& ()- ' 9Y10%& () -
* hhhhhhhhoRO1! 9Y109%& () - 9Y109%& ()- i Y!' 9Y10%& ()-  9Y10%&' ()- i Y! 9Y10%&' ()-"
hhhhhhhht R 11§ Y! 9Y109%&' () - 9Y109%&' ()- i Y' 9Y109%&' ()- 9Y10%&' ()- i Yhiii 9i =i >i
201 Q61! 9Y109%&' ()- i Y!' 9Y109%& ()- ' 9Y10%& ()- i Y! 9Y10%& ()- ' 9Y109%& ()- 2i Il
111121 vUs! 10%"y& ()- @yL10%"y& ()-Y y' 10%"yé& () -
y" F10%" y& () - 10#10#10# y+#10°/e#&' Ol ABIODFIUZIil) 10%"y& ()-@
10%"y& ()-@10%"y& ()-@~W 10%’"3/&' ()-@10%"y& ()-@

100" y& ()-@ [1]1oltlul va IhL, 10%"y& ()- @ 10%"y& ()-@ ~W 10%"y& ()- @
18;;//5;;y&14:)og@r1%g%w&r(g pl}Add kL6 cOReENGid )b Bl AgWEYE (i
D' 10%"’{{(‘%‘3“% % % Fhod® &' ﬁﬁ%‘é’%i ag\(% “EQEO%AWQ“?) AMBorFaRte: () -
910%A" &:qx)sz«%amtnqn errDhi’mbbe stabilizer composition and the halogen-
?)'DE,?OB/%},’A‘%‘)“ ing fer Joe' Bhb%igk1y) b1End¥A" & () -"D'10%A" & () - D' 109A" &
menPrf F&t x<t5£%‘b0/a ?alﬁ‘io’%\l%?'} "I R DYRRFA TP tionS of
3) " 2 MANMERESGHN VEO 200D QO S DISBAYRO& O mDATOUAL &5 ( £ DHADIFE R (Do BUKDPA" & ()
é)Dz: %thi/ag%/ﬁ" AoF é?%%\(%,rg?e D' 10%A" & ;g(‘gq J“Q’%llﬁ"og(m)tr%@@ O%A" S o & (
) D 100BRRL 7Y 4 60RO 1hE: FOARIE L EPRD CHREL TAPRG: MR €1 -ASRahIm 2<
D' 10%A"€h&PA0YA" & () - D' 10%A" & ()- D' 10%A" & ()- D' 10%A" & () - D' 10%A"& () - D' 10%A
& () - g PER QYRS ddadd YA 1 e A0 Whet i bRt 18K & () -Y +a O

EXAMPLES 1-3 AND COMPARATIVE EXAMPLE 1
A PVC pipe composition containing:

INGREDTIENT AMOUNT

PVC resin (k=67) 100.0 parts
Calcium carbonate 5.00 phr
Titanium dioxide 1.0 "
Calcium stearate 0.45 "
Paraffin wax 1.2 "
Oxidized polyethylene 0.15 v
Calcium hydroxide 0.3

Zinc bis-(2- ethylhexylthioglycolate) 0.4

was modified as shown in Table I and the resulting compositions
were processed on a standard horizontal two-roll mill (roll
speeds 30F/40R) at 390°F with chips taken at one minute intervals
to a maximum of 12 minutes. The color properties of the chips
were measured using a Hunter Labs Colorimeter (L, a, b) and the
total color change (AE) was selected as the measurement for
comparison in Table II. The dynamic thermal stability (DTS) of
the compositions was measured on a Brabender Plasti-Corder PL-
2000 at 190°C/60rpm with No.6 roller blades and an electric head.
The DTS, shown in Table III, was recorded as the time in minutes
before a sharp upturn in the torque curve during processing was
observed.
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EXAMPLE 4 AND COMPARATIVE EXAMPLE 2

A PVC pipe composition containing:

INGREDIENT AMOUNT

PVC resin (k =65 ) 100.0 parts
Calcium carbonate 5.00 phr
Titanium dioxide 1.0 "
Calcium stearate 0.60 "
Paraffin wax 1.2 "
Oxidized polyethylene 0.15 »

\ was modified as shown in Table IV and the resulting compositions
were processed on a standard horizontal two-roll mill (roll
speeds 30F/40R) at 390°F (199°C) with chips taken at one minute
intervals. The color properties of the chips were measured using
a Hunter Labs Colorimeter (L, a, b) and the whiteness index (WI)
was selected as the measurement for comparison in Table V. The
DTS, measured as described above but at 190°C and at 60 RPM, is
shown in Table VI. The composition in Comparative Example 2 is

similar to that of Example 13 in U.S. Patent No. 3,417,039
(Penneck) .

Table IV
Example Co-stabilizers phr

4 Zinc bis-(2-ethylhexylthioglycolate) 0.40
Dithiodiglycol polyformal (n = 5) 0.30
Calcium hydroxide 0.30
CE2 Zinc Bis-(2-ethylhexyl maleate) 1.00
Bis-(n-decyloxyethyl) sulfide (b.p. » 200 °C) 0.50
2,2-dimethyl-1,3-propanediol 2.00

Table V

PVC Color Hold (AE) During Processing by Two-Roll Mill @ 390°F White Tile Standard

min/ex 1 2 3 4 5 6 7 8 9 10 11 12

4 11.4 17.0 209 21.0 22.0 23.0 238 239 24.5 25.1 253 258

CE2 2.6 3.6 11.3 4.7 |— char
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Table VI
PVC Dynamic Thermal Stability by Brabender @190°C
Example Fusion Time | Stability Time | Min. Torque Max.Torque
Minutes Minutes g.m g.m
4 1.9 19.0 1275 2500
CE2 2.5 4.5 1900 2000

EXAMPLE 5 AND COMPARATIVE EXAMPLES 3 & 4
A PVC pipe composition containing:

INGREDIENT AMOUNT

PVC resin (k =65 ) 100.0 parts
Calcium carbonate 5.00 phr
Titanium dioxide 1.0 "
Calcium stearate 0.60
Paraffin wax 1.2 "
Oxidized polyethylene 0.20 "

was modified as shown in Table VII and the resulting compositions
were processed on a standard horizontal two-roll mill (roll
speeds 30F/40R) at 390°F (199°C) with chips taken at one minute
intervals. The color properties of the chips were measured using
a Hunter Labs Colorimeter (L, a, b) and the total energy (AE) was
selected as the measurement for comparison in Table VIII.
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Table VII
Example Co-stabilizers phr
5 Zinc bis-(2-ethylhexylthioglycolate) 0.40
Dithiodiglycol 0.30
Calcium hydroxide 0.30
CE 3 Zinc Bis-(2-ethylhexyl maleate) 0.50
2,2-dimethyl-1,3-propanediol 0.25
Dithiodiglycol 0.30
CE 4 Zinc Bis-(2-ethylhexyl maleate) 0.50
Dithiodiglycol 0.30
Table VIII
PVC Color Hold (AE) During Processing by Two-Roll Mill @ 390°F White Tile Standard
min/ex 1 2 3 4 5 6 7 8 9 10 11 12
5 6.3 10.9 14.6 |15.7 (169 |17.8 |19.0 |19.6 R1.0 [21.7 3.0 239
CE3 4.8 66.4 8.7 9.2 9.9 1.7 char
CE4 54 7.8 9.6 |10.0 104 (142 char
Table IX
PVC Dynamic Thermal Stability by
Brabender @190°C
Example Min. Torque | Max.Torque
g.m g.m
5 1375 2425
CE3 1600 1800

CE 4 1625 1825
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(A) an organothio compound selected from the group

consisting of a mercaptoalkanol, dithiodiglycol, and

polyformals and polyacetals of said dithiodiglycol; |
(B) at least once zinc mercaptoester selected from the |
group consisting of:
(B' ) a zinc mercaptoacid ester having the formula:
Zn—-{S(CH,) ,~C(=0)OR]),, wherein R is a hydrocarbyl radical

having from 2 to about 22 carbon atoms and x is 1 or 2;

(B’ ) a zinc mercaptoacid ester havihg the formula:
zn- [ S(CHR) , (CH.),~ [C(=0)0]R’'] ; ; wherein:
R’ is methyl or C(=0)OR";
R“ is [(CH,-(C-(R") (R") ] ,CH,0) ,R*];
R" is H, alkyl, or hydroxyalkyl;
R is OH, hydroxy-substituted alkyl, or 0(0=)C-R'’;
R' is H, (0=)C-R', or alkyl, o
RY is alkyl or alkenyl;

a=0o0r 1; b =1o0r 2; vy = 0 or 1; and z = 1 to 4;
with the provisd that when 2z is greater than 1, y = 0;
and

(B’) a zinc mercaptoalkyl carboxylic acid ester having
the formula:
Zn (SCH, (CH,), 0-C(=0)R’’ ],; wherein
R* is an alkyl or alkenyl group having from 1 to 18
carbon atoms or an aryl group having from 6 to 12
carbon atoms, and q is from 1 to 6; .
(C) from 0 to about 40% of a basic alkali or alkaline
earth metal compound; and
(D) from 0 to about 40% by weight of a substijituted
dihydropyridine.

2. The composition of claim 1 wherein the organothio compound
is a mercaptan.

3. The composition of claim 1 wherein the organothio compound
is dithiodiglycol.

4. The composition of claim 1 wherein the organothio compound
is a dithiodiglycol polyformal.
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is the zinc mercaptoalkyl ester of B’
‘8. The composition of claim S wherein x is 1 and R has 8 carbon
atoms.
9. The composition of claim 6 wherein z =2 and R’ is alkyl..
10. The composition of claim 6 wherein z = 1, y = 1, and R’ is
. OH. -
11. The composition of claim 6 wherein z = 1, R’ is (0=)C-R',
and R is alkyl.
12. The composition of claim 6 wherein z = 1, y = 1, R is alkyl,

and R° is hydroxyalkyl.

13. The composition of claim 7 wherein q is 1 and R> is an alkyl
group having from 1 to 7 carbon atoms.

14. The composition of claim 1 wherein a substituted
dihydropyridine constitutes from about 5%

to about 20% of the total weight.

15. The composition of claim 1 wherein a basic alkali or alkaline
earth metal compound constitutes from about 10% to about 15 % of
the total weight.

16. A, polymer composition stabilized against the deteriorative
effect§ of heat comprising a halogen-containing polymer and a

stabilizer composition consisting essentially of:

(A) an organothio compound selected from the group consisting
of a mercaptoalkanol, dithiodiglycol, and polyformals and
polyacetals of said dithiodiglycol;

(B) at least one zinc mercaptoester selected from the group
consisting of:

(B') a zinc mercaptoacid ester having the formula:
Zn-(S(CH,) ,—C(=0)OR];, wherein R is a hydrocarbyl radical
having from 2 to about 22 carbon atoms and x is L or 2;

(B’) a zinc mercaptoacid ester having the formula:
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a=0o0r1l; b=10r 2; y=0o0r 1; and z = 1 to 4;
with the proviso that when z is greater than 1, y = 0;
and
(B’) a zinc mercaptoalkyl carboxylic acid ester having the
formula:
Zn (SCH, (CH,), O-C(=0)R*’ ], ;wherein
R* is an alkyl or alkenyl group having from 1 to 18
carbon atoms or an aryl group having from 6 to 12 carbon
atoms, and q is from 1 to 6;
(C) from 0 to about 40% of a basic alkali or alkaline earth
metal compound; and

(D) from O to about 40% by weight of a. substituted
dihydropyridine. :
17. The polymer composition of claim 16 wherein the amount of

stabilizer composition is from about 0.4 to about 2.0 % of the
total weight. )

18. An article fabricated from a polymer composition stabilized
against the deteriorative effects of heat comprising a halogen-

containing polymer and a stabilizer composition consisting essentially of:

(a) an organothio compound selected from the group consisting
‘ of a mercaptoalkanol, dithiodiglycol, and polyformals and
polyacetals of said dithiodiglycol:
(B) at least one zinc mercaptoester selected from the group

consisting of:

(B') a zinc mercaptoacid ester having the formula:
Zn-{S(CH,) ,—C(=0)OR},, wherein R is a hydrocarbyl radical
having from 2 to about 22 carbon atoms and x is 1 or 2;

(BY) a zinc mercaptoacid ester having the formula:



10" &3S 109%$& ()-f xt +10%#& ()-1 tx+109%S$& ()- °s- &10%)15)March-2003
"SL&109% & ()- " s-&10% & ()-3456DOWU4A  e10% Y& ()- " MLOY#& ()-m
109VX#Y& () - 3"109%/X#Y& () - 10yy1l0yyl0yy &3S 10%y& ()-f3L|[: vU4

LU 10%gX#g&' () - " 10%X#Y& ()- 1 10%bY& ()- 1 10%pY& ()- ! 10%Y& ()-
e10%/X#Y& () - (H| [: vUs' "10%gX#g&' ()s, " " 10%(X#Y&' ()-  "10%X#Y& () -
K' LOOXH#Y& ()- 7 "1090D& ()- "109%X#Y& ()- Normal" "Heading 13]c”

"Headi ng 23] c" "Headi ng 33] c" "Headi ng 43] c" ! Headi ng 53]c" "Heading 63]c"

"Heading 73]c", Hg i) " eadioha j23))c" A WRefawht Paragraph Font |
%x. /48@il Q) Zb| kgt I‘3|NaI i< tzn(i Hdef gl i'j kI mopqr s) aZ| 3
YIT""#9¢ ./ y1llngdRs methyl or C(=0)O0R";

CLTo] eJhhhh?i 21 ZI | | * pil 2 mKmy'nt rrgn‘mrgmno nnpp4of ooor Mrrsts{ssssssssttXtttt
ttuuummmeTxxx?yy;’rnyﬁgvnyﬁ 8y Y‘f‘ﬂ%})l‘ﬁ j\nyz{ | } ~6Ti nes New
RomanAri al Cour iger j Hay/' hairgat, it wmbdpacmwat >
L #SUR () *+, -./ 012345678 0=) :
<=>7 @\BCDEFCHI EKLM\"IO%%!&S?‘WWW[ PyRstiputed atkyl. or OGNzt~
R is H, (0=)C-RY, or alkyl,
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a=0o0or-1l; b=10r 2; y=0o0r 1; and z =1 to 4;

with the proviso that when z is greater than 1, y = 0;
and
(B’) a zinc mercaptoalkyl carboxylic acid ester having the
formula: B
Zn (SCH, (CH)), 0-C(=0)R™ ], ;wherein
R* is an alkyl or alkenyl group having from 1 to 18
carbon atoms or an aryl group having from 6 to 12 carbon atoms,
and q is from 1 to 6;
(C) from 0 te- about 40% of a basic alkali or alkaline earth
metal compound; and
(D) from O to about 40% by weight of a substituted

N

dihydropyridine.



